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Abstract 
Three shorting pins are used for miniaturization purposes, directly connecting the patch to 
the ground plane. Thus, a compact size of 90 mm x 90 mm x 25.27mm is obtained. HFSS 
software is used to showcase the antenna design along with the requisite parameters like 
resonating frequency, reflection coefficient and current distribution. By changing the coaxial 
feeding length with respect to λg, value of reflection coefficient is improved. As a result, 
resonant frequency of 2.38GHz and reflection coefficient of -19.5dB are obtained. Roger 
RO3210 is used as a substrate and superstrate material. 
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INTRODUCTION  
The Industrial, Scientific and Medical 
(ISM) band works at cluster around 2.4 
GHz frequency. This band has good 
conductivity in the human body, a higher 
data rate, and a communication range up to 
2 m [5]. 
 
These factors become very important while 
decoding a design for enhancement. 
Initially, the design may not exactly 
correspond with the reference parameters. 
In such a case, it is imperative to 
understand the underlying basics of the 
design comes from. 
 
ANTENNA DESIGN 
Figure 1 shows the simulation of HFSS 
enhanced circularly polarized implatable 
antenna.The size of the antenna is 90 × 90 
× 25.27mm3. The material where the 
antenna has to be placed could be the 
muscle, skin, scalp, fat etc. Each has a 
different dielectric values which is 
frequency dependent. The skin tissue with 
ℇr = 31.29 has been used.  
 
Fig: 1. Simulated HFSS enhanced 
Circularly Polarized Implantable Antenna 
with better performance parameters. 
 
This allows the current path to change and 
offers greater radiation. To state in simple 
terms, shorting pins help in reducing the 
radiation pattern. 
 
The ISM antenna just after initial 
designing gave unacceptable results in 
terms of the reflection coefficient which 
did not even cross the -10 dB bar. This 
negative feature of theantenna led to the 
enhancement of the design. Three major 
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enhancements have been done.  
 
 
Fig: 2. Side view showing the coaxial 
feeding, shorting pins and the 90x90x20 
mm3 skin model 
 
The ISM antenna just after initial design 
had an issue with the coaxial feed because 
of which the reflection coefficient came 
out to -5 dB. This is too less to be 
acceptable. Hence, we had to adjust the 
coaxial feeding length. Side view shown in 
figure 2 shows the length of the coaxial 
feed. It is considered that the feeding 
length is dependent upon λg where λg is 
the guided wavelength. Using λg, λ and 
ℇreff, the length of the coaxial feed came 
out to be 10.05 mm. After incorporating 
this value as the feed length, the result 
changes were visibly better and in the 
acceptable range. 
 
Introduction of slots  
The antenna without slots is a study case 
in [6] as well. However, as our own study 
case, we subtracted the slots and added 
then again with different sizes to 
understand the effect of their presence and 
absence. 
 
 
Fig: 3.Intermediate design without slots 
 
Positioning of shorting pins 
Shorting pin effects the reflection 
coefficient and gain of the antenna 
significantly. The shorting pins are an 
addition which help in lowering down the 
resonant frequency. While their presence 
or absence affects the frequency, their 
position helps  
 
Fig: 4.Shorting pin S1 moving along Y-axis 
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Pins basically help in providing a direct 
connection between the patch and the 
ground. The conductivity of the antenna 
increases and this is justified by the current 
distribution plot of the antenna. 
 
RESULTS 
Final Obtained Results 
Figure 6 shows the enhanced and 
optimised results of the antenna received 
after changing the length of the coaxial 
cable. This antenna now works at 2.4 GHz 
with a reflection coefficient of -19.58 dB. 
figure 5 shows the result of the antenna in 
case 2 wherein the slots had not been 
added and the coaxial feed was very short 
in length. The results of case 2 are also 
justifiably good but the impedance 
bandwidth percentage is not compatible. 
With a resonant frequency of 2.38 GHz 
and -20.54dB, the antenna without slots 
does look better however, on further 
experimentation, the absence of slots 
affects the degenerate modes. The addition 
of slots however, improves the overall 
behavior of the antenna and not just the 
frequency and S11. 
 
 
Fig: 5.  (a), (b) Final results of ISM 
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Fig: 6. Intermediate slot-less result 
 
 
Fig: 7. The three plots for three different positions of the short pins 
 
The short pins along the y-axis are 
incremented towards the origin by 1 mm. 
So where they were at -4.1 mm left of 
origin, case 1 sees then at -3.1, case 2 at -
2.1 and case 3 at -1.1. These distances 
have been added in the positions to 
thoroughly analyse the effect of shorting 
pin and their locations. In case 1, dynamics 
of frequency and S11 remains the same. 
The impedance bandwidth is not sharp 
enough. With corresponding increase in 
distance, the plot seems to spread 
outwards.
 
 
Fig: 8.The radiation pattern for enhanced antenna (LHCP) 
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Comparing the radiation patterns of the 
initial design antenna and the enhanced 
antenna we see a gradual increase in gain. 
Where the reference parameters show, -25 
dB as the gain, proposed antenna increases 
it to -16dB. Although -16 dB, in itself is 
not very high gain. However, when 
compared with the reference sections, it’s 
a leap towards a better design. This design 
can be touted as better and can be used to 
further improve the results. The red pattern 
is at phi = 0 degrees and frequency 2.38 
GHz. The purple pattern shows the 
radiation for phi = 90 degrees and 
frequency static at 2.38 GHz.
 
Result Comparison 
Table: 1.Comparison table 
Parameters  Reference Antenna Proposed Antenna 
Resonating frequency 2.45Ghzs 2.38Ghzs 
Gain  -25db -16db 
Material used  Rogers RO3230 Rogers RO3230 
Minituriazation  No Yes 
Reflection coefficiant -15db -19.5db 
No of shorting pins used  3 3 
 
CONCLUSION AND FUTURE SCOPE 
The ISM antenna shows promise with its 
LHCP gain radiation patterns. The new 
materials with higher permittivity can also 
be applied to this antenna to miniaturize 
them. Since, its size is much larger than 
the other body implantable antennas, more 
techniques for miniaturization can be 
applied and thus this antenna festers a 
better scope of improvement in the future. 
The SAR values of the antenna had not 
been calculated. Also, this antenna has an 
advantage over other antennas working in 
MICS and other ISM bands. ISM antenna 
works well within its range at 2.38 GHz. 
This frequency and its applications are 
many. 
 
REFERENCES 
1. Kaur, G., Kaur, A., Toor, G.K. et al. 
Biomed. Eng. Lett. (2015) 5: 203. 
https://doi.org/10.1007/s13534-015-
0193-z 
2. A. Rosen, M. A. Stuchly and A. 
Vander Vorst.2002. Applications of 
RF/microwaves in medicine. IEEE 
Trans. Microw. Theory Tech. 50(3): 
963-974. 
3. 2009. The role of engineering 
principles in the medical utilization of 
electromagnetic energies from kHz to 
visible light - examples. International 
Journal of Infrared and Millimeter 
waves. 30(12): 1374-1386. 
4. D. Panescu. 2008. Emerging 
technologies [wireless communication 
systems for implantable medical 
devices]. IEEE Eng. Med. Biol. Mag. 
27(2): 96-101. 
5. R. Bashirullah. 2010. Wireless 
implants. IEEE Microw.Mag. 11(7). 
6. Z. Yang, S. Xiao, L. Zhu, B. Wang and 
H. Tu, "A Circularly Polarized 
Implantable Antenna for 2.4-GHz ISM 
Band Biomedical Applications", IEEE 
Antennas and Wireless Propagation 
Letters, vol. 16, pp. 2554-2557, 2017. 
 
 
 
 
